In recent years there has been rapidly increasing interest in babies whose birthweight is low because their intrauterine growth has been retarded, and it has been recognized that the clinical problems of these 'small-for-dates' babies differ from those of true prematures. They rarely die from respiratory distress syndrome or intraventricular haemorrhage, but are particularly susceptible to symptomatic hypoglycaemia and intrapulmonary haemorrhage (Gruenwald, 1963; Dawkins, 1965) . It is, therefore, a matter of practical importance to know whether a particular baby of low birthweight is truly premature or small-for-dates, a distinction that depends on accurate knowledge of the gestational age. This is most accurately measured by calculation from the first day of the mother's last menstrual period, provided her cycle is regular and her memory correct. Often, however, these conditions do not hold, and some independent method of assessing gestational age is required. Small-for-dates babies cannot be recognized from their general appearance which is often indistinguishable from that of true prematures (Gruenwald, 1963) . Most bodily dimensions are affected by the intrauterine growth retardation. Head circumference is a possible exception, but its normal variation is such that it does not by itself give a sufficiently accurate estimate of gestational age. Epiphysial development is a poor index of maturity since it is retarded in smallfor-dates babies (Scott and Usher, 1964;  Wigglesworth, 1966) .
It has been suggested that the best criteria of maturity are based on neurological development (Gesell and Amatruda, 1945) which is unaffected by intrauterine growth retardation (Bergstr6m, Gunther, Olow, and Soderling, 1955; Saint-Anne Dargassies, 1955; Illingworth and Holt, 1963). However, the methods so far proposed for 'dating' babies by neurological examination have been insufficiently precise, or required too much experiReceived February 10, 1966. ence in assessment of muscle tone, to be practicable for general use. The present paper reports a study of the presence and absence of a number of reflexes in relation to gestational age. Certain of them were found to have sufficiently predictable times of appearance to provide simple and reliable indices of gestational age.
Clinical Material and Methods
Eighty-five babies were studied in the Neonatal Ward at Hammersmith Hospital. Since the aim was to analyse the behaviour of normal babies of known gestational age, 23 were omitted from the analysis because either their gestational age calculated from the menstrual dates was uncertain or they had neurological abnormalities. Of the remainder, 37 (19 male, 18 female) were classified as 'normal weight' and 25 (13 male, 12 female) as 'small-for-dates'. 7 of the normal weight group and 6 of the small-for-dates group were of mainly West Indian or African parentage. The birthweights and gestational ages of both series are plotted in FIG. 1.-Birthweights and gestational ages of the normal weight and small-for-dates babies studied. The lines for mean and standard deviations are derived from the data of the Perinatal Mortality Survey (Butler and Bonham, 1963) .
Definitions. The lines for mean birthweight and standard deviations shown in Fig. 1 were derived from the data of the Perinatal Mortality Survey (Butler and Bonham, 1963) Responses dependent on gestational age. The presence of 10 responses was found to show a positive correlation with gestational age. 5 of these (pupil reactions, glabellar tap, traction and neckrighting reflexes, and head-turning to light) appeared at definite times in the gestational period, which were the same in the normal weight and the small-for-dates groups. The other 5 responses (crossed extensor, adduction phase of Moro, asymmetric tonic neck and cremasteric reflexes, and knee-jerks) behaved less predictably and the correlation with gestational age was a looser one.
Methods ofanalysis and presentation ofdata.
Certain methods are used in the analysis of results for each of the responses, and these will be explained first.
(1) Gestation from 25 weeks onwards is divided into 3 (or occasionally 4) periods-the first being the period when the response is usually absent, the second an intermediate period, and the third a period when the response is usually present. For each period the number of occasions on which the response was found present or absent respectively is counted from all the examinations on all the babies falling in that gestational period (whether they were born in it or attained it after birth). The pupil reaction showed the clearest relationship to gestational age. Fig. 2 shows the results of all the examinations. Pupil reactions were almost invariably absent before 29 weeks' gestation* and present from 31 weeks' gestation. In each of 4 * Throughout this paper (e.g.) 29 weeks means 203 days from the first day of the last menstrual period, mutatis mutandis. (Table II) shows that the differences between the gestational periods are highly significant (p < 0 001). Immature and small-for-dates babies of similar birthweight under 2,000 g. are compared in Fig. 5 . The distinction between babies less than 32 and more than 34 weeks' gestation is significant (p < 0 05) but at a much lower level than for the pupil reactions. between 33 and 36 weeks' gestation, but the headraising part generally appeared slightly earlier and behaved more consistently than arm flexion. The response was regarded as positive if either part was present. Fig. 6 shows the results of all the examinations comparing normal weight and small-for-dates babies, who behave very similarly after 33 weeks' gestation. Table III gives the results of one observation per baby in the first week of life. The differences between the 3 gestational periods are highly 17 significant (p < 0 001). Fig. 7 Neck-righting reflex. If the head of a term baby is rotated to one or other side, the baby will rotate its trunk in the same direction. Fig. 8 shows that this reflex usually appears between 34 and 37 weeks, both in normal weight and small-for-dates babies. In each of 7 babies followed longitudinally the response appeared at 36-37 weeks having previously been absent. The fourfold table for a single observation on each baby in the first week (Table IV) Fig. 9 , in which all the observations on all the babies are plotted, suggests that the response usually appears between 32 and 36 weeks in normal weight babies, and probably in small-for-dates babies also. In 4 babies born at less than 32 weeks' gestation and followed longitudinally, in whom the response was initially absent, the times of first detection were 32, 33, 34, and 36 weeks. The fourfold table for a single observation on each baby in the first week (Table V) shows that the differences between gestational periods are significant (p < 0 01). Crossed extensor reflex. This reflex is elicited by passively extending one leg and stimulating the sole of the foot. A positive response is extension of the opposite leg. Fig. 10 , based on all the examinations, suggests that the reflex is more commonly present after 32 weeks' gestation than before, both in normal weight and small-for-dates babies. However, it is clear that the time of appearance of the reflex is far too unpredictable for it to provide an accurate assessment of gestational age. baby in the first week of life. The differences between the gestational periods are not significant (p = 0 7). In the longitudinal studies on individual babies the reflex did not become positive at a particular gestational age and remain so, but varied to a large extent randomly in its presence or absence.
Adduction phase of Moro response, and knee-jerks. Both these responses behave in a very similar manner to the crossed extensor reflex. They are more constantly present after the period 32-36 weeks than before, but their times of appearance are too unpredictable and their presence or absence at any particular gestational age too random for them to be accurate measures of gestational age.
Cremasteric reflexes. Since these could only be tested on the male infants, the numbers were necessarily small. However, they are interesting because they show a pattern quite different from that of any of the other reflexes. Fig. 11 shows the results of all the observations in both groups. In the normal weight group the response generally appeared between 32 and 34 weeks and was constantly present after this. In the small-for-dates group however, the cremasteric reflexes were more frequently absent than present after 34 weeks. The fourfold table for a single observation on each baby of the normal weight group in the first week of life (Table VII) shows that the differences between the gestational periods are significant (p < O * 01) despite the small numbers.
The fourfold table comparing single observations in the first week on normal weight and small-fordates babies over 32 weeks' gestation (Table VIII) shows that the 2 groups behave significantly differently at the same gestational ages (p < 0 -05).
Thus small-for-dates babies seem to behave in proportion to their body weight rather than to their gestational age in the case of this reflex. Minkowski (1924) , Hooker (1952) , and Humphrey (1964) . The palmar grasp reflex and a response resembling the Galant are detectable at 9-11 weeks. The plantar grasp reflex and withdrawal on stimulation of the sole of the foot are present from 12 weeks. The abdominal reflexes are present from 14-20 weeks, and the Moro response has been reported at 25 weeks (Hooker, 1952) . These correspond well with the group of responses which in the present study were constantly present even at 25 weeks' gestation. The blink response to light was also found constantly present from 25 weeks in the present study, but there is no published information about its presence or absence in more immature foetuses.
Premature infants have been studied neurologically by Gesell and Amatruda (1945) , Saint-Anne Dargassies (1955) , and Illingworth and Holt (1963) . Gesell and Amatruda described changes such as the gradual increase in muscle tone and in the strength of the grasp and sucking reflexes in premature infants between 28 weeks' gestation and their expected term. Soderling (1953) and Bergstrom et al. (1955) have suggested that the maturational changes described by Gesell may be used to measure the true gestational age in small-for-dates babies. However, these authors do not give details of the criteria characteristic of different gestational ages. The most detailed study of neurological maturation in premature infants has been made by Madame Saint-Anne Dargassies of the Baudelocque Clinic, Paris, and much of the interest in this subject is due to her work. She has published observations on several very immature babies studied longitudinally and on 100 premature infants of varying gestational ages examined on one or more occasions (Saint-Anne Dargassies, 1955) . She paid particular attention to spontaneous posture, muscle tone, and certain primitive reflexes and concluded that neurological maturation followed a constant time-scale which was unaffected either by the time of birth or by variations in body weight. Babies who have attained 40 weeks' gestation behave identically neurologically, whether or not they were born prematurely and whether they are of normal weight or underweight. There are, however, certain difficulties in extracting exact and easily applied criteria for the assessment of gestational age from Saint-Anne Dargassies' published observations. The Prechtl (1965) has shown that limb posture after birth is to a large extent dependent on intrauterine position and mode of delivery.
There is no doubt that in very experienced hands gestational age can be fairly well assessed from the degree of muscle tone, and Illingworth and Holt (1963) (1921, 1946) claims to have observed pupil reactions in foetuses in the 5th month of gestation (i.e. less than 20 weeks) and Esente (1958) makes a similar statement. These authors do not give details of their observations which are totally at variance with the present findings, and it is difficult to see how they were made since the eyelids are normally fused at this gestational age (Duke-Elder, 1938 (Keeney, 1951; Kronfeld, 1962) . Likewise the absence of the cremasteric reflexes before 32 weeks' gestation may simply be due to poor scrotal development and incomplete testicular descent. This would explain why the presence or absence of this reflex in small-for-dates babies depends on their body weight rather than on their gestational age, in contrast to all the other reflexes studied.
The pathway of the reflex arc is not known in detail for most of the reflexes studied. It is generally believed that they are mediated by the brain-stem or spinal cord and do not involve the cerebral cortex, which is usually held to be nonfunctional in the term newborn baby (but see Robinson, 1966) . The response of head-tuming towards diffuse light, however, may be mediated by the occipital cortex (Goldie and Hopkins, 1964) . If this is true, the present results suggest that the cortex is functioning in this respect at 32 weeks' gestation in some babies. (1955) concept that neurological maturation in the latter third of gestation is neither accelerated nor retarded by extrauterine influences (other than obviously injurious ones). This does not necessarily apply to other aspects of neurological maturation which were not tested (Robinson and Tizard, 1966) . It would be surprising if visual development in premature infants were not influenced by degrees and variations of illumination which the foetus in utero cannot experience. However, the visual responses tested showed no evidence of such an influence.
Lack of influence of intrauterine growth retardation. The gestational age at which each reflex first appeared was uninfluenced by birthweight, being the same in small-for-dates babies as in those having a normal birthweight for their gestational age (except the cremasteric reflexes-see above). This is of great practical importance because the usefulness of a neurological assessment of gestational age is to decide whether a particular baby of low birthweight is a true premature or smallfor-dates. A statistically significant difference in behaviour was demonstrated between babies of similar birthweight but different gestational ages, for the pupil reactions and the glabellar tap and traction reflexes. The lack of influence of intrauterine growth retardation on neurological maturation, which was also reported by Saint-Anne Dargassies (1955) and by Illingworth and Holt (1963) , is of theoretical interest too. It corresponds with the relatively large size and advanced development of the brain in small-for-dates babies, which indicate that this organ is largely spared from the effects of intrauterine undernutrition (Gruenwald, 1963; Dawkins, 1965) .
Assessment of gestational age. To be a useful indicator of gestational age, a reflex must have a relatively clear-cut time of appearance which is constant from baby to baby, and which is the same in small-for-dates babies as in those of normal birthweight. Five reflexes fulfilled these criteria. In order of reliability assessed statistically they were the pupil reactions to light (appearing at 29-31 weeks' gestation), traction response (33-36 weeks), glabellar tap reflex (32-34 weeks), neck-righting reflex (34-37 weeks), and head-turning to light (32-36 weeks). It is suggested that gestational age should be measured as lying between or beyond stated limits on the basis of presence or absence of these responses (see Table  IX ).
At the lower and upper ends of the gestational scale it is strictly only possible on the basis of the table to say a baby is less than 31 or more than 34 weeks' gestation. In practice this is sufficient to resolve most clinical problems, since the important doubts concerning a baby's gestational age usually concern differences of 4 weeks (the menstrual cycle) or more. However, the range can be extended a little further if required, since babies with absent pupil responses (or fused eyelids) are usually less than 30 weeks' gestation, andthose who havevigorous traction responses involving the neck and arms or brisk head-turning to light are likely to exceed [35] [36] weeks.
Although other reflexes showed some relation to gestational age, they were found to be too inconstant in their behaviour to serve as indices of maturity.
They have not been included in this 
